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Description 

-The invention relates to colloidal particles, particularly polymer nr,icrospheres wtiich are ^"'^'''^jf^ .''l"^^^ 
applSions L to a method ot producing these microspheres. The J-"'-^- ^^^^^^^^^ 
the surface d polymer microspheres and other polymer surfaces used for cloiical and diagnostc appl«atons so 

'^^^;':.r-rciThe~e:vemp.^^ 

a Sy^bbr^^i^r^^^^ can be labelled with markers Oabels or sensing devices transported 

. -S^a^^hllr^ complete or they may be recovered. The sort ^'^-PP'-"^- 

theXerfaSu?rbindingof proteins. ThusJnthecaseofmferospheres,fo^ 

the surface of microspheres and other polymers suitable for medical use, so as to reduce prote.n "Ptake _ 

^he oeneral ^roach has been to Jempt to incorporate into the surface of these polymers, ma erals wrth hy- 
droJJlic or^erti^ SvS not therefore faSour the uptake of proteins. For example po^ethylene glycol polyvinyl 
t7S^:::S^^CoL^^^ ►^ave been incorporated into common, "^^J^'^-'^^^^^^^^^^ ^3 
Kne terephthalate. polyurethanes and po^rmethylmethacrylate (Desa. et al. BiomatenalsJ^ 1991 • ^ff'l^^ 
S has shoCpolyetSene g^col to have quite a dramatic effect in reducing prote.n adherence at the pohrmer 
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Srt from modifying the surface of the microsphere to reduce protein uptake other alterations in the surface 
^JS^ly be desirable such as attractbn of particular molecules or ligands. Tl,e surface ^^^^^^^ 
2 bfSSdTdesired characteristic by the grafting or adsorption of particular materials, functional groups or tar- 

''"Thene various knov«, methods for the preparation of po^meric microspheres and sonr^ of *ese ir^'^de n«- 
pipulation of the surface of the final product for a particular purpose. For example, tt^ey rnay f P;«Pf f , J'^^.^^ 
TpoC^Ssation of suitabV functionalized monomers as described by Arshady in B.omaterals 14 No 1 . 1993 5-15^ 
co-povmerisaiionoi5u ^ us-A-4734445 to produce microspheres with a hydrophilic surface usmg 

SSLmpound Of sugar origin is used to stabilize the polymer droplets . the dispersion and to control the 

""'wS-aSSI7 diseases microspheres having a range from lOnm to 2mm and which comprise « core particle d 
ano^^tf-Sepo^erandan outer surface layerofawater-soluble polymer which^co^ 

gS N^H^^Si^'lS'S statement in the speciTicatk^n, the present invention ;j;;;««^^^;;^^rmd^^^^ 
^uble core particle being non-covalently attached to said water-soluble poVmer by f^S'f '^y'!"^^ Jlv^^ 

Tart from the stabilizer other factors influence the final size of the microspheres such ^^s ^he design djiy vessel 
usedTr mS «^e two solutions. In particular the s^e and shape of ar,y baffles and also the stirrer speed will have 

^ Ihfpresent inventors have developed a method of producing microspheres using a conjugate "^lecule v^K:h 
both s^^S^ SrpSmer duplet during removal of the solvent from the dispersed phase and allows manipulation of 
^ s Se dthe S^pher^^^ so that hey have desirable surface characteristics for any part^ular application. 
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m accordance with a first aspsct of the inventton there is provided a microsphere havir^g a diameter in the range 

Tn I^ce^^otL? aspect of t'e Invention there is provided a method of producing '-^^^^^^'-^^^ 
a Uom 1 0nm to 2mm comprteing a non^ater-soluble polymer and a water-solubie po^mer. the 

method comprising the Steps ot:- 

(a) iorming a solution of the non-water-soluble polymer in a first solvent, said first solvent also being a solvent for 

polyethylene glycol but not tor the water-soluble polymer. 

soluble polymer; 

(0 mixing the two solutions fom^ed in steps (a) and (b) above to form a dispersion of said non-water-soluble 

polymer and 

is attached to the core by the polyethylene glycol moiety. 
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L-glutamic acid, poly(ben2yl L-glutamate) and poly-L-aspartic acid. It is to be understood that herein the term protein 
is intendedto include peptides, glycoproteins, metailoproteins. lipoproteins and subunrts or fragments thereoUJe tem^ 
^rysaccharide to include polyrmers ol amino sugars, the term nucleic acid to include ohgonucleo des as small as 10 
nucleotides in length and the term water^uble polymer to include a mixture of or a conjugate ot two or nriore of t^e 

5 typesofwatersolubtepolymerlistedabove.Vtater-solublepolymersv*ichareusetulint^ 

rriordance with thVinvention are polysaccharides such as dextran. chitosan. pectin, hyaluron.c acd. cellulose, 
starch, pullulan. inulin. heparin and heparin-like synthetic polymers. =,.K=„«K.==ir 
A particularly preferred polysaccharide in a PEG/polysaccharide conjugate « dextran. It is preferable rfthe polysac- 
- charidrhas a molecular weight of from 6,000 to 200.000. Further. It is envisaged. that the conjugate matenal tor use 

10 in the irwention could be a mixture of PEG/polysaccharide molecules comprising two or more of the preferred polysac- 

'*'%'EG/S?s£SI^ride conjugates when used in ihe invention, have surtactant properties. They act as a stabilizer 
when the microspheres are tombed so as to prevent coalescence and influence their final size. In additk»i m.crc«pheres 
having a PEG/polysaccharide conjugate attached to their surface have been shown to be unexpectedly resistant to 
IS phag«^osis by cells of the reticuloendothelial system in vitro. Methods of preparing such conjugates are describes 
by Duval etal in Carbohydrate Polymers J5 1991 233-242. ^ .. . • ' ,DCf-..n*h 

Alternatively the method of the invention may be carried out using in the second solvent a conjugate of PEG with 
a protein having suitable properties for tomiing the outemiost surface of a microsphere. Methods for Preparing conju- 
^tS o"pEG L p«>tein are known in the art and are particularly descrbed. for example, by Nucc, et al ,n Advances 
STorug Delivery ReviewB No 21 981. 113-151. Further, the use of a conjugate of PEG wHh a nucleic acd is envisaged 
so that the microspheres might be useful in nucleic acid hybridization assays for example. • , 

Finally, a conjugate of PEG with a water-soluble synthetic polymer such as those descnbed above could be used 
to produce microspheres with advantageous surface properties. 

Uis preferred to use PEG having a molecular weight in the range from 300 to 1 00,000 in the PEG conjugate. 
For most practical purposes the microspheres of the invention will incorporate one or more additiona components 
apart from the core polymer material and the PEG water-soluble polymer conjugate. For mtroducton into the human 
or animal body for delivery of a pharmaceutically active agent, they can be prepared with the agent jnconporated therein. 
For example, the active agent can be dissolved in the first or second solvent, depending on rts solubilrty properties, so 
that it is entrapped within the microspheres when fom.ed: It may then be slowly released once the mcrospheres are 
Suced iShe body erther through the pores of the microspheres or in the case ^'^'^^^^ ^''^'^ /"^^^^^^^^ 
result of breakdown of the microspheres. It is also possible to attach an active agent to the outside of the microsphere 
once fomied if this is more appropriate from a drug delivery point of view „ortteuiar 
in addition the microspheres of the invention may be used to deliver a phamnaceutically actwe agent to a particular 
site or target in the body. In such a case the microsphere may be fomied wrth the active agent '^^^f 
and then have attached to the outer surface thereof, by means of a conjugate, a molecule recognised by and having 
an affinity tor a particular cellular receptor in the human or animal body. Such molecules include sugar moieties or 
monoclonal antibodies. The PEG water-soluble polymer conjugate in this case may act as a epa=er molecule er«bhng 
immobilization of other molecules to the microsphere surface or the water-soluble polymer may rtself be the affinrty 

'""'^^microspheres of the invention can also be used tor the preparation of a vaccine if an antigenic material is 
Incorporated therein. Microspheres are also useful in biomedical imaging procedures if a substance, such as a fluo- 
rescent, magnetic, radio-active or other detectable material, is incorporated into or onto the microsphere erther dunng 

or after fomiation as discussed above. u . • uu , ~,«„«,=,*ari «r av 

in carrying out the method of the inventton for fomiing microspheres, the first solvent is either evaporated or ex- 
tracted or possibly a combination of both procedures. Partial evaporatk^n may be effected by applying reduced pressure^ 
A colloidal polymer particle will fall within the definition of a microsphere if tt has a diameter in the ^9^°^ ^"^ 
lOnm to 2mm. However mk:rospheres with a diameter of greater than 150pm are not really ^"'^'"^ 
preparations. Nevertheless they may be used for altemative methods of administration such as oral administration^ 
The choice of first and second soWent will depend on the polymer core material, Generally however Uie second 
solvent tor the PEG conjugate is water and the first solvent is generally immisctole with water but capable of dissolving 
both the non-water-solublecorepo^merandPEG. The first soh^ent may be selectedfromdichtorom^ 
xylene and dioxane. Mixtures of these solvents with acetone or ethyl acetate are also useful in carryBig out the method 

°' IIrtrbe"Z)preciated that the properties of other polymer surfaces, not necessarily microspheres, having a bio- 
55 medteal applicatbn. can be modified by adding a PEGAwater-soluble polymer conjugate as described herem. 

Theriore in accordance with a third aspect of the invention there is provided a method of altenng the surface 
characteristics of a material or device comprising a non-water-soluble polymer which method comprses attaching to 
the surface of sakJ material or devte a conjugate of polyethylene gVcol and water-soluble polymer wherein said con- 
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jugate is orientated such that the polyethylene glycol is anchored to said surface and 

"'1^':Srira:a^lri^^^^^ polymeric mateHa. or de>.ce may be attered in accordance w«H this tt,i,d 
aspJS of me unvS by firsts dispersing the PEG/water-soluble polymer conjugate in a mixture of water and an 

dis^rsion for a set time to allow softening of the surface and interpenetratK»i and entangtement of the PEG c^a-ns 
She molecules of the polymer substrate. The material or device is then removed from the d«pers.on and atowjd 
To dry or^e^tive^. immersed in water to cause substrate hardening and entrapment oUhe 
PEG prLides the anchor for the water-soluble polymer on the outer surface. A dev.ce wrth a modified surface .s the 

'^"ihe invention will now be described with reference to the.following examples in which:- 

■ Examples 1 to6 are comparative, demonstrating the absence of production of microspheres by the solvent evap- 

oration method, where PEG or the polysaccharide dextran are used alone; 

75 S™ies 7 to 11 describe production of microspheres in accordance with the .nvent«n and demonstrate tha^ 
Sr^?here'teeaSd%iydis%rsivi^ 

rmrXd^'s^re^^^^ 

rSltion test and indicate a change in surface characterfetbs of PLG microspheres when prepared by the 

" S^inS^Tesultsof^ 

fn^^ordance with the invention and Example 16 demonstrates the in yftro resistance to phagocytosK by rat 
Kupffer cells of microspheres made in accordance with the invention. 

25 Example 1 f Comparative) 

10 ml of a 5% solution of 75:25 po^DL lactde co-glycolide) (PLG) copolymer (MW l-^ ^^^-^J^'^':^^!^ 
in dichtoromethane (DCM) were added over 2 minutes to 20 ml of a 10% aqueous solution of Dextran (MW 70.000. 

Pha^cS^i^r^^^^ 

30 The suspension was agitated ovemight at room temperature and nomial pressure to evaporate so^'ent 

OnV a greyish, globular slick was obtained on the beaker base. No suspension of microspheres was obtained. 

Example 2 (Ckynoarative) 

The above experiment was repeated using a series of Dextran sol^^^^ 
72,600 and 162,000 respectively. The observations are as stated in Example 1 . 

Example 3 (Comparative) 

The procedure described in Example 1 was repeated but an aqueous solution of poly(ethylene glycol) PEG ot 
molecular weiaht 20,000 was used instead of Dextran as the continous phase. ^ . . u. • e..^^^r^ 

suspension was not obtained under these conditions. 

4S Example 4 (Comparative) 

■ The procedure described in Example 1 was repeated with aqueous solutions of 6,000 MW f f .^"^ 
polyS^ylene oxide) (PEO) respectively. Rapid phase separatfon occurred after temi.nation of the high speed stirring 
sSe Atte"'^ houi of magneSc stirring, a polymer film had fom^ on the surface of the remaining liquid. 
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Example 5 (Comparative) 

10 ml 01 a 5% solution of PLG in a 50:50 solvent mixture ot acetone and DCM were added over 1 minute to 20 ml 
Of a 10oT at^^^^^ PEG (20.000 MW) wh^h was stirred at 10.600 rpm. Stirring was cont^ued tor a further 

' p^as'e separation occurred within 30 minutes ot the start of magnetic stirring to evaporate solvent. Film formation 
was observed atter 16 hours. No particle suspension was obtained. 
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The procedure of Example5wasrepeatedusin9al0%aquBoussol^^^ 
phase. The observations were as described in Examples 1 and 2. 

Example 7 

* SSr^ C^ii^- «,000 «W 0^ 750 MW pes ^ «» <«,r.. o, PEG »^ 

p J^Taal Tab" 1 . TO. P«l''^ ara a large sp»M in pan* s,z.. 

Example B 

The experimen, described in Example 7 was repeated using a 1.40^ PEG substrtuted 

and rprovements in polyd^^^^ relative to the PEG-Dextran conjugate used ,n Example 7. (4/o PEG subst.. 750 
MW PEG). 

Example 9 

when the more highly substituted conjugate was used tor microsphere preparation. 
Example 10 

• The experiment described in Example 7 was repeated using a PEG-Dextran conju^te with a 1 .2% PEG substK 
tutlon. The stirring speed was approximately 7000 rpm. Microsphere size is shown in Table 1 . 
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PI n r«i.rn«phArp size obtained usinq PEG-Dextran conjugate stabilisers and a mix 


3d solvent system. 


Example 


PEG subst 


PEG MW 


Dextran MW 


Particle size 


Polydispers'ity 


7 

e 

9 

10 

11* 


4 

1.4 
9 

1.2 

1.2 


750 

5000 

5000 

5000 

5000 


40,000 
40.000 
40,000 
40,000 
40,000 


2.4 ±0.9 Jim 

389.0 ±11.9 nm 

681.1 ±36.1 
481.0 ±25.0 
1041.2 ± 91.2 


0.3 ±0.1 
0.5 ±0,1 
0.3 ±0.1 
0.S±0.1 



Example 11 



a 50:50 acetone: DCM mixture. (Table 1 ). 
^ Example 12 

The relatK/e stability of dispersion of microspheres to added salt (fiocculation testing) provides a simple means of 
charcterSgthe^?^^^^^ 
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Differences in behaviour are generally explained in terms o1 a stronger reduction in the solvency oithe stabiliser in the 
dispersion medium due to differences in molecular structure, molecular confomation. chain packing density and sur- 
face coverage of the stabilising moiety. -r w..^ o ■„ ,„^e «f 
The stability of PLG microspheres produced using PEG-Dextran conjugates is summarised m Table 2 m tem^s erf 
the molar concenUation of NaCl required to produce flocculation in microsphere suspensions. PLG microspheres (150 
nm in diameter) produced without surfactant were used as a control. 

Table 2 



Flocculation testing ot PEG-Dextran stabilised PLG mic 


rospheres 


Example 


PEG subst (%) 


PEG MW 


Dextran MW 


Particle size (nm) 


NaCI cone, ior flocculation (M) 


PLG 
9 

10 
11* 


9 

1.2 


5000 
5000 
5000 


40,000 
40,000 
40,000 


160 
681 
481 
1041 


0.01 
4 
1 
2 
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• CX;M used as the eohfenX for PLG 
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Example 1 3 

Surtactant-free PLG microspheres of approxinnately 160 nm diameter were incubated overnight in a 1% aqueous 
solution of PEG-Dextran conjugate (i .2% PEG subst.. PEG MW 5000). . . « . . -^k. 

The stabiliser-free microspheres and those incubated in PEG-Dextran solution were found to flocculate rapidly 
and extensively on addition of phosphate buffered saline solution (pH 7.4, 0.137 M NaCl). 

All PEG-DEX stabilised PLG systems were stable in phosphate buffered saline. 

Example 14 

Zeta potential measurements are presented in Table 3 for PLG microspheres produced as described in Example 
10. Surfactant-free PLG microspheres (160 and 740 nm average diameter) were included as controls. Measurements 
, were performed in pH 7.0, 50 mM phosphate buffer. 



System 


PEG subst. (%) 


PEG MW 


Dextran MW 


Particle size (nm) 


Zeta potential (mV) 


PLG 
PLG 
10 


1.2 


5000 


40,000 


740 
160 
481 


..22.8 ± 0.8 
.23.4 ±2,0 
-8.5 ± 0.2 



A decrease in the Zeta potential tor PEG-Dextran stabilised PLG microspheres relative to surfactant-free micro- 
spheres is evident, indicating surface modification by PEG-Dextran molecules. 
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Example 15 

static secondary ion mass spectroscospy (SSIMS) studies have been carried out on 1) PEG-Dextran conjugates 
2) surfactant-free PLG microspheres 3) PEG and 4) PLG microspheres stabilised by PEG-Dextran conjugates. WfiHe 
the SSIMS spectra may not be considered quantitative, the changes in the relative intensities of the ions within the 
SSIMS spectra have been shown to reflect composition in a semi-quantitative way. 

The peak at m/z 45 in the positive ion spectrum is strong in PEG and in PLG and weak in Dextran. This same peak 
is dominant in the SSIMS spectrum of PEG-DEX conjugates (Table 4). The peak at m/z 53 is strong in Dextran, present 
In PLG and extremely weak in PEG (Table 4). 

The 53/45+53 peak ratios presented In Table 4 reveals the contribution of Dextran to the PEG-Dextran spectrum 
through the increased presence of m/z 53 ions characteristic of Dextran. 
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Z... H.,n.i ratios lor PLG microspheres stabilised with PEG-Dextran conjugates and component polymers 



PEG 

PEG-DEX {1.4%subst.) 
PEG-DEX (9% subsl) 

PLG/P-D (1.4%subst.) 
PLG/P-D (9% subst.) 



Example 



53/45 +53 

0.008 
0.04 
0.02 



0.22 
0.1B 



0.5 
0.6 



PLG microspheres (surfactant tree) 
Dextrar^ 

of PLG microspheres by PEG-Dextran is however indicated. 
Example 16 

the lollowing results. 



System 


% uptake o1 paticles 


Absence of serum 


Presence of serum 


UnnrK)dified PLG particles 
PEG-Dex modified PLG 


77,0 ±2.1 
5.5 ±0.9 


31 .6 ±4.6 
1.9 ±0.4 



in drug delivery and drug targeting could result. 
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2. 



3. 



^Trttal^; n^-^valent^ attached to said water-soluble polymer by the po ^ethylene glycol moiety. 

A microsphere as claimed In claim 1 wherein said non-water-soluble polymer biodeg^dable or resorbable. 
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d A mrrosDhere as claimed in claim 1 wherein said non-water-soluble polymer is selected Irom polystyrene poly- 
ac^dTiol^ reSfal^d rts derivatives, polyolefin. non-water soluble methac-ylate polymers, polyam.de and . 
copolymers of pdyamide optionally with polypropylene oxide. 

5 5. A microsphere as chimed in any precedes claim wherein said water^luble polymer is a protein, polysaccharide 

or nucleic acid. 

6. A microsphere as claimed in any preceding cla^ where^ said water^oluble polymer is a synthetb polymer. 
,fl 7 A mferosDhere as claimed in claim 6 wherein said water-soluble polymer is selected from polyamidoarriines, pol- 

and poly L-aspartic acid. ^ . 

polymer. 

9. A microsphere as claimed In claim 5 or claim 6 wherein said water^oluble polymer is a glycoprotein. 

10. Amicrosphereasclaimedinanyprecedingcla-.mwhereinthemolecularweightotthe^^^^^^^ 

range from 300 to 1 00,000. 

11. A microsphere as claimed in claUn 8 wherein the molecular weight of the polysaccharide is h the range from 6.000 
25 to200,000. 

12. A microsphere as claimed in any preceding clahi which includes a phannaceutically active agent 

13 A microsphere as claimed in claim 12 which has attached to the surface thereof a molecule recognised by and 
30 having an affinity for a cellular receptor in the human or animal body. 

14. A microsphere as claimed in any one of cteims 1 to 11 which includes an antigenic material. 

15. Amicrosphereasclaimedinanyonedclaims1to1lwhichincludesamateralwhichisdetectablebyabiomedical 
55 imaging procedure. 

1 6. A pharmaceutical composition which comprises a plurality of microspheres as claimed in cla^ 1 2 or claim 1 3 and 
a pharmaceutically acceptable carrier or diluent. 

.40 17. Avaccinewhichcomprisesapluralltyofmicrospheresasclaimedincfeimuandapharmaceuticallyacceptable 
carrier or diluent. 

IB A method of producing microspheres having a diameter in the range of 10nm to 2mm comprising a non-water- 
■ soluble polymer and water-soluble polymer, the method comprising the steps of.- 

(a) formu^g a solution of the non-water^soluble polymer ^ a first solvent, said first solvent al^ 
tor polyethylene glycol but not for the water-soluble polymer; 

(b) forming a solution of a conjugate of polyethylene glycol and the saW ^^^'-^^^^^^l^;'^^^^ 
solvent, said second solvent being immiscible with said first solvent and being a non-solvent for the non water 

soluble polymer; 

(0 mixing the two solutions fom,ed in steps (a) and (b) above to fom, a dispersbn of said non^ter-soluble 

polymer, and 

outer layer is non-covalently attached to the core by the polyethylene glycol moiety. 
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19. A method as claimed in c^im 16 wherein partal evaporatton of said first soh/ant is eHected by app^ing reduced 

pressure. 

and copolymers of polyamide qstionally with polypropylene oxide. 

22. Amethodas Claimed in any oneofclaims18to21whereinsaidwater^olublepoh,merisapr«^^^^^ 

or nucleic acid. 

23 A method as claimed in any one of cbims 1B to 22 wherein said water-soluble po^er is a synthetic pofymer. 

aspartic acid. 

25 Amethodasclaimedinclaim22orclaim23whereinthepoVsaccharideisselectedfromdextran,chitosan.pecti^ 
Jj^ltro?^ act™^^^^ starch, pullu^. inulin. heparin and heparin-like synthetic po^er. 

26 A method as claimed : any one of c^ms 1S to 25 wherein said first solvent is selected from dichloromethane. 
chSom.. xylene and dioxane or a mixture of the soKrents wHh acetone or ethyl acetate. 

27. A method as claimed in any one of claims IB to 25 wherein said second solvent is water. 

28. A method as chimed in any one of c^ims 1 B to 27 wherein the molecular weight of the po^ethylene g^co. is in 
the range trom 300 to 100,000. 

29. A method as claimed in any one of claims 22 to 28 wherein the molecular, weight of the po^saccharide is m the 

range trom 6,000 to 200.000. 

30 A method as claimed any one of c^ims 1B to 29 wherein said first soKrent or said second solvent or both has 
dissolved or dispersed therein a pharmaceutically active agent. 

31. use o, a conjugate of po^ethylene gh^col wKh a water-soluble polymer for the sjbllizath. of droplets formed by 
dispersing a solution of a non-water-soluble polymer material «i an Bnm.scible liquri. 

suTie ^d said water-soluble polymer fomis substantal^ all of the outemiost layer. 
Patentanspruche 

1. MiRrosphire mn einem Durchmesser im Bere^ von ^J,- J^^^^^^^^^^ 

thylenglykolgruppe gebunden ist 

2. N/likrosphare nach Anspn^ch 1 , worin das wasserunlosliche Polymer biobgisch abbaubar oder resorbierbar ist. 
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3. Mikrosphare nach Anspruch 2. worin das biologisch abbaubare/resorbiertere wasserunlosliche Po^^^ Po- 
lyesteMst. wie etwa Polylactid. PolygVcc^a. CopoWlactidccg^oolid). Polyhydrox^myrat ^0^^°^^^^ 
6opolymer aus Milchsaure mit Ucton. ein Copolymer au.s Milchsaure und PEG, P°^^''y^'^'^°^°'f°^^^ 
Styph^phazin. ein Copolymer aus Hydroxybutyrat und Hydroxyvalerat. Poly(ethylencarbonat)«,poWe^^^^^^ 

' propylencarbonat), Polyethylenterephthalal. Polyalkylcyanoacrylat Oder einem Gemech von zweien odermehre- 
- ran davon. 

4. Mikrosphare nach Anspruch 1 . worin das wasserunlosliche Polymer ausgewahit ist aus ^^l^^y'^^^^^^^^- 
Polyurethan und semen Derivaten, Polyolefin. wassemnloslichen Mathacrylatpolymeren, Polyamid und Copoly- 
meren von Polyamid, gegebenenfalls mit Polypropylenoxid. 

5. Mikrosphare nach einem der vorhergehenden AnsprOche, worin das wasserlosliche Polymer ein Protein, ein Pc^ 
lysaccharid Oder eine Nukleinsaure ist. 

6. Mikrosphare nach einem der vorhergehenden AnsprOche. worin das wasserlosliche Polymer ein synthetisches 

Polymer ist. 

7 Mikrosphare nach Anspruch 6, worin das wasserlosliche Polymer ausgewahit ist aus Polyamidoaminen. einem 
■ Polyvinylalkohol. einer Polyapfelsaure, Poly(w-hydroxyalkyl)acrylaten und Methacrylaten und Copolymeren d« 
hydVoS^haltige Monomereinheiten enthalten und Poly(aminosauren). wie etwa Poly-L-glutam,nsaure, Poly(ben- 

zy!-L-g!utamat) und Poly-L-asparaginsaure. 

8. Mikrosphare nach Anspruch 5 Oder Anspruch 6, worin das wasserlosliche ^^^^'^^'f'^'^'^'^fi^^'^j'^l' 
wahit aus Dextran. Chitosan, Pektin, Hyaluronsaure, Cellulose, Startle, Pullulan. Inuhn, Hepann und Hepann ahn- 
Iichem synthetischen Polymer. 

9. Mikrosphare nach Anspruch 5 Oder Anspruch 6. worin das wasserlosliche Polymer ein GVcoprotein ist. 

10. Mikrosphare nach einem dervortiergehenden AnsprOche. worin das Molekulargewicht des Polyethylenglykols im 
Bereich von 300 bis 100.000 liegt. 

11. Mikrosphare nach Anspruch B, worin das Molekulargewicht des Polysaccharids irp Berefch von 6000 bis 200.000 
liegt. 

12. Mikrosphare nach einem der vorhergehenden AnsprOche, wetehe ein phamtiazeutisch aktives Mtttel enthalt. 

13. Mikrosphare nach Anspruch 12, auf deren Oberflache sich ein Molekul befindet. das erkannt wird durch und eine 
Affinitat hat fOr einen zellularen Rezeptor im menschlichen Oder tierischen Korper. 

14. Mikrosphare nach einem der AnsprOche 1 bis 11 , welche ein antigenes Material enthalt 

15. Mikrosphare nach einem der AnsprOche 1 bis 11. welche ein Material enthalt, das durch ein btomedizinisches 
Abbildungsvertahren nachweisbar ist. 

16. Pharmazeutische Zusammensetzung, die eine Vielfalt von Mikrospharen gemSB Anspruch 12 Oder 13 und ein 
phamiazeutisch vertragliches Trager- Oder VerdOnnungsmittel umlaBt. 

17. Impfstofl. weteher eine Vielzahl von Mikrospharen gemaS Anspruch 14 und ein phamriazeutisch vertragliches Tra- 
ger- Oder Verdunnungsmittel umlaBt. 

18 Vertahren zur Herstellung von Mikrospharen mil einem Durchmesser im Bereich von 10 nm bis 2 mm, umfessend 
ein wassemnloslichBs Polymer und ein wasserlosliches Polymer, wobei das Vertahren die Schritte umlaBt. 

(a) Bilden einer Losung des wassemnloslichen Polymers In einem ersten Losungsmittel, wobei das erste 
Losungsmittel auch ein Losungsmittel fOr PolyethylengVcol, aber nicht f Or das wasserlosliche Polymer, ist, 

(b) Bilden einer Losung eines Konjugats aus Polyethylengtykol und dem wasseriosl.chen Polymer in eiriem 
zvielten Losungsmittel, wobei das zweite Losungsmittel nicht mischbar ist mit dem ersten Losungsmittel und 
kein Losungsmittel fur das wasserunlosliche Polymer ist. 
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(c) Mischen der zwei Losungen. die in den obigen Schritten (a) und (b) geblldet wufdsn. urn eine Dispersion 
aus wasserunloslichem Polymer 2U bilden; und _ 

(d1 Verdampfen und/oder Extrahieren des ersten Losungsmittels. um Milffospharen zu bilden. die einen Kern 
aus dem wasserunloslichen Polymer und sine auBere Oberflachenschicht haben, die im wesentlichen aus 
dem wassertoslichen Polymer besteht. worin die au3ere Schicht nicht kovalent an den Kern durch die Polye- 
thylenglykolgruppe gebunden ist. 

1 9; Venahren nach Anspmch 1 8. worin teihveises Verdamplen des ersten Losungsmittels durch Aniegen von vemiin- 
dertem Druck bewirW wird. 

20 Vertahren nach Anspruch 18 Oder Anspruch 19, worin das wassemnlosliche Polymer ausgewihit wird aus Poly- 
■ styrol, Polyacrylamld. Polyurethan und seinen Derivalen, Polyolefin, wasserunloslichen Methacrylatpolymeren. 
Polyamid und Copolymeren von Polyamid. gegebenenfalls mit Polypropylenoxid. 

21. Vertahren nach Anspruch IB Oder 19, worin das wassenjniosliche Polymer ein bidogisdi a^bauterer oder resor- 
blerbarer Po^ester It wie etwa ein Pohrfectid. PolygVcolld, Copolydactidco-gtyoold). ^^^f^^^^^Z 
caprolacton. ein Copolymer aus Milchsaure mit Lacton. ein Copolymer aus M.lchsaure und Pf ■ Po^^^J.^ 
pXorthoesler. Polyphosphazin, ein Copolymer aus Hydroxybutyrat und Hydroxyvalerat, Poly(ethylencarbonat) 
copoly(ethylenpropylencarbonat), Polyethylenterephthalat. Polyalkylcyanoacrylat oder einem Gemisch von zwei- 
en Oder mehreren davon. 

22. vertahren nach eInem der Ansprilche 1 S bis 21 . worin das wasseriosliche Polymer ein Protein, ein Polysaccharid 
Oder sine Nukleinsaure ist. 

23. Vertahren nach einem der Anspruche IB bis 22. worin das wasseriosliche Polymer ein synthetisches Polymer ist. 

24 Vertahren nach Anspnich 23, worin das wasseriosliche Polymer ausgewahtt wird aus Polyamidoaminen. einem 
Polyvinylalkohol, einer Polyaplelsaure. PoWw-hydroxyalkyl)aciylaten oder ^'^^'^^'^''^.'^^'^'Zi^ 
hydVoxylhaltige Monomereinheiten enthalten und Poly(aminosauren). wie etwa Poly-L-glutaminsaure, Poly(ben- 
zyl-L-glutamat) und Poly-L-asparaginsaure. 

25. Vertahren nach Anspruch 22 oder Anspruch 23, worin das Polysaccharid ausgewahit wird ^""^ De Jran^ ^^^^^^ 
Pektin. Hyaluronsaure. Cellulose. Starke, Pullulan. Inulin. Heparin und Hepann ahnlichem synthetischen Polymer. 

26 VertahrennachehemderAnspruche1Bbis25.worindasersteL6sungsmittelausgewahltwirdausW^ 
Chtaroform, Xylol und Dioxan oder einem Gemisch der Losungsmlttel mit Aceton oder Ethylacetat. 

27. Vertahren nach einem der Anspruche 18 bis 26, worin das zweite Losungsmlttel Wasser isL 

28. Vertahren nach einem der AnsprOche 18 bis 27. worin das Molekulargewicht des Polyethylenglykols im Berelch 
von 300 bis 1 00.000 liegt 

29. vertahren nach einem der Anspruche 22 bis 28, worin das Molekulargewfcht des Polysaccharids im Berelch von 
6000 bis 200.000 liegt. 

30. Vertahren nach einem der AnsprOche IB bis 29, worin das erste Losungsmlttel oder das zweite Losungsmlttel 
Oder beWe darin gelost oder dispergiert ein phannazeutisch aktives Mittel aufweisen. 

31. Verwendung eines Konjugats aus Polyethylenglykol mit ehem wasserloslichen Polymer StabHisierun^^^^^ 
Troptchen. die geblkJet werden durch Dispergleren eIner Losung eines wasseruntoshchen Polymemnaterials in 
einer nicht mischbaren FlQssigkeit. 

32 Vertahren zur Veranderung der Oberflachencharakteristika eines Materials oder einer Vorrichtung. umfassend em 
^sSlSches Polymer, wobei das vertahren das Anbr^ 
wassertoslichen Polymer an die Oberflache des Materials oder der Vbrrichtung umf aBt. 
orientiert ist. daB das Polyethylenglykol aul der.Obertlache verankert ist und daB das wasseriosliche Polymer im 
wesentl'ichen die Gesamtheit der auBersten Schicht bildet 
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Revendtcation& 



1 Microsphere ayant ur, diamfetre compris dans I'Wervalle de 10 r,m & 2 mm. qui comprend une P^'^^^^J^^^ 
eSSfellement sph6rique cor,stHu6e tfun polymere non hydrosoluble et une couche de ^"^^^ f 
TSa essentiellement en un polymere hydrosoluble. ledit polymere hydrosoluble 6tant conjugue k du po^^6lhy- 
Sn^iSrcSrslaquellebdne^rt^^^ 
hydrosoluble par le groupement polydthyl&neglycol. 

2. Microsphere suivant la revendication 1. dans laquelle le polymere non hydrosoluble est biodegradable ou r6sor- 



bable. 



3 Mbrosphere selon la revendication 2. dans laquelle le polymfere non hydrosoluble "^^^^if^^^J^^ 
r^ester tel qu'un poVlactide, un polyg^colide. un copo^(lactide^glycol.de) un poljrtiydroxybu^^^^^^ 
^Srolactone un copolymVe d'aclde lactique et tfune lactone, un JV^^^^f ^^^^^^ 
SSydride. un polyorthoester, une polyphosphazine. un copolymers ^y^'°^'^;^^^l\f''J^^^^ 

p^lylLrbo^ate tfeihyiene). un copoly{6thyieneH:arbonate de propylene), un P^'V^^^^^^f^^^^^f ^^"^^^ 
leneTun polymere de cyanoacrylate d'alkyle ou un melange de deux ou plus de deux d entre eux. 

4 Microsphere suivant la revendication 1 . dans laquelle le polymere non ^'Y^^^*'^ ^^^f 

un polyacrylamide, un polyur6thanne et ses derives, une polyoiefine. des '^J^'l^J.^ 
sl^terunpolyamide^Lcopolymeresdepolyamidelacultativementavecunpolym^ 

5. Microsphere suivant I'une quelconque des revendications pr6cedentes. dans laquelle le polymere hydrosoluble 
est une proteine. un polysaccharide ou un acide nucieique. 

6. Microsphere suivant I'une quelconque des revendications pr6cedentes. dans laquelle le polymere hydrosoluble 

est un polymere synthettque. 

7 Microsphere suivant la revendication 6. dans laquelle le polymere hydrosoluble est choisi ^^^J^ P^^^ 
ami^Tun polymere d'alcool vinylique. un polymere d'acide malique. des poly(fi.-hydroxylalkyl)-acry'ates et -rn6- 
TaC^ite^ t des copohrmeres Untenant des motifs monomeriques k fonctton hydroxyle ains. que ^es poV(am.- 
Si) tels qu'un polyacide-L-glutamique. un poly(L-glutemate de benzyle) et un polyacide L^spartque. 

8. Microsphere suivant la revendication 5 ou \a revendication 6, dans laquelle le polymere Mroso'"^^^^ P^jj; 
saccharide choisi entre le dextrane, le chitosane, la pectlne, I'acide hyaluron.que, la cellulose, lamidon, le pullu- 
lane. I'inuline. I'h6parine et un polymere synthetique analogue k l'h6parine. 

9. Microsphere suivant la revendication 5 ou la revendication 6. dans laquelle le polymere hydrosoluble est une 

glycoprot6ine. 

10. Microsphere suivant Tune quelconque des revendications pr6cedentes. dans laquelle le poids moieculaire du po- 
lyethyieneglycol est compris dans I'intervalle de 300 a 1 00 000. 

11. Microsphere suivant la revendication 8. dans laquelle le poids moieculaire du polysaccharide est compris dans 
rintervalie de 6000 & 200 OCK). 

12. Microsphere suivant I'une quelconque des revendications pr6c6dentes. qui comprend un agent phamiaceutique- 

ment acceptable. 

13 Microsphere su'^ant la revendication 12, qui porte fix6e & sa surface une molecule reconnue par. et ayant une 
atfinite pour, un r6cepteur cellulaire dans I'organisme d'iin homme ou d-un animal. 

14. Microsphere su^rant I'une quelconque des revendications 1 a 11. qui comprend une matiere antigenique. 

15. Microsphere suivant I'une quelconque des revendications 1 e 11 , qui comprend une matiere qui est detectable par 
un mode op6ratoire d'imagerie biom6dicale. 

16. Composition phamiaceutique qui comprend une pluralft6 de microspheres suivant la revendication 12 ou la re- 
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vendicalion 13 et un support ou diiuant pharmaceutiquement acceptable. 

17. Vacctn qui comprend une plurality de microspheres suivant ia revendication 14 et-un support ou diiuant pharma- 
ceutiquement acceptable. 

IB Proc6d6 pour la production de microspheres ayant un diamfetre compris dans Tintervalle de 10 nm & 2 mm. com- 
prenant un polymere non hydrosoluble et un polym&re hydrosoluble, proc6d6 qui comprend les 6tapes consstant : 

(a) k tormer ur»e solution du polymere non hydrosoluble dans un premier solvant, ledit premier solvant 6tanl 
10 . 6galement un solvant pour le polydthylfeneglycol mais non pour le polym6re^ydrt«oluble . 

(b) & former une solution d-un conjugu6 de polydthyl&neglycol et dudN polymSre hydrosoluble dans un secaid 
solvant. ledit second solvant 6tant non miscible audit premier solvant et 6tant un non-solvant pour le polymfere 

non hydrosoluble ; ^ -i • 

(c) k rn6langer les deux solutions form6es dans les 6tapes (a) et (b) ci-dessus pour former une dispersion 

IS dudit polymere non hydrosoluble ; et , ^ m 

(d) k 6vaporer et/ou extraire ledit premier solvant pour former des microsphferes comprenant un noyau dudrt 
poWre non hydrosoluble et une couche de surface ext^rieure consistant essentiellement en ledit polymfere 
hydrosoluble, ladrte couche ext6rieure 6tant fix6e de manifere non covalente au noyau par le groupement 
poly6thyl6neglycol. 

19. Proc6d6 suivant la revendication IB. dans lequel I'dvaporatbn partielle du premier solvant est effectu6e par une 
rSductbn de pression. 

20 Pfoc6d6 suivant la revendication 18 ou ia revendication 19. dans lequel le polymere non hydrosoluble e^ ch«si 
entre un polystyrene, un polyacrylamide. un polyur6thanne et ses d6riv6s. une po^ol6f.ne. des P°^^^l^^l 
Lthacryl^enonhydrosolubles.unpplyamideetdescopoVrn6resdepolyam,defacultat^^ 

d'oxyde de propylene. 

21 Proc6d6 suivant la revendication IB ou la revendication 19, dans lequel le polymfere non hydrosoluble est un 

■ polyester biodegradable ou resorbable tel qu'un polylactide, un polyglycolide. un copoly(lactide-co-g ycolide), un 
polyhydroxybutyrate. une polycaprolactone. un copo^mfere d'acide bctique et d-une lactone, un copo^^mere d aci- 
S^tectique et de PEG. un polyanhydride. un polyorthoester. une polyphosphazine, un ^f'V'^^^^ '"^f^'^'^'^*"- 
tyrate et tfhydroxyval6rate. un poV(carbonate d-fithyiene). un copoly(6thyl6ne-carbonate de propylene), un poV- 
mfere de t6r6phtalate d'6thyl6ne. un polymere de cyanacrylate d-alkyle ou un melange de deux ou plus de deux 

3S d'entre eux. 

22. Proc6d6 suh/ant I'une quelconque des revendications 18 S 21 , dans lequel le polymSre hydrosoluble est une pro- 
tdine, un polysaccharide ou un acide nucl6ique. 

40 23. Proc6d6 suivant Tune quelconque des revendications IB S 22. dans lequel le polymfere hydrosoluble est un poly- 

nnere synth6tique. 

24. Proc6d6 suivant la revendication 23. dans lequel le polymere hydrosoluble est choisi entre des P°VarnidCHarrHnes 
unpolymered'alcoolvinylique,unpolymered-acidemalique.despoly(c^hydroxyalky^^^^^^^^ 
45 et Ses copolymeres contenant des mot»s monom6riques k fonction hydroxyle ains. que des poly(am,noac.des) 

tels qu'un polyacide L-glutamique. un poly(L-glutamate de benzyle) et un polyacide L-aspartique. 

25 Proc6d6 suivant la revendication 22 ou la revendication 23, dans lequel le polysaccharide est choisi entre le dex- 

■ trane. le chitosane, la pectine. I'acide hyaluronique, la cellulose, famidon. le pullulane. rinulme, ThSpanne et un 
so polymfere synth6tique anabgue a I'h6parine. 

26. Proc6d6 suivant Tune quelconque des revendications 18 k 25. dans lequel le premier solvant est <^hoisi entre le 
dichbromethane. le chbroforme, le xylene et le dioxanne ou un melange des solvants avec rac6tone ou 1 acetate 
d'ethyle. 

27. Proc6d6 suivant I'une quelconque des revendications 18 S 26, dans lequel le second solvant est I'eau. 

28. Proc6d6 suivant I'une quelconque des revendications 18 & 27, dans lequel le poids mol6cubire du polyfithylfene- 
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glycol est compris dans I'intervalle de 300 & 100 000. 

29. Proc6d6 suivant fune quelconque des revendications 22 k 28, dans lequel le poids mol6culaire du polysaccharide 
est compris dans Pinteivalle de 6000 a 200 000. 

30 Proc6d6 suivant f une quelconque des revendications 18 a 29, dans (equal le premier solvant ou le second solvant 
■ ou bien ces deux solvants renferment un agent pharniaceutiquement actif k Mtat dissous ou d.spers6. 

31. Uilisatlontfunconjugu6depoly6thyl6neglycolavecunpolym6rehydrosolubte^^^^^ 

tommies en dispersal une solution d'une matifere polymSrique non hydrosoluble dans un liquide non miscble. 

32 Proc6d6 pour modifier les caract6ristiques de surface d'une matifere ou d-un dispositif comprenant un polymSre 
norhydrLluble, proc6d6 qui comprend la fixation k la surface de ladite matiere ou dudrt d^posrtrf tfun con)ugu6 
Tpo Wl&negtycol et d'un polymers hydrosoluble. dans lequel ledrt conjuguS est onent^ de telle sorte que le 
poSy) Jegly^^l soit ancr6 k ladite surface et ledit polym&re hydrosoluble fomie pratiquement la totalrt6 de la 

couche la plus ext6ri8ure. ... 
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